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© Polishing pad used for polishing silicon wafers and polishing method using the same. 
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© A polishing pad composed of a rigid polyure- 
thane added with CaC03 particles is able to provide 
polished wafers having a surface roughness which is 
comparable to that attained by the conventional final 
polishing process. Even when polishing is achieved 
under a high load condition to improve the productiv- 
ity, the polished wafers are free from deformation, 
such as concaving, and have an excellent flatness. 
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The present invention relates to a polishing pad 
used for polishing silicon wafers and a polishing 
method using the same. 

Polishing pads presently used for polishing sili- 
con wafers (hereinafter may be referred to, for 
brevity, as "wafers") generally comprises a velour 
type pad composed of a polyurethane-impregnated 
polyester non-woven fabric, and a foam type pad 
molded of a single polyurethane resin. A recent 
increase in the device integrality requires polished 
wafers whose surface is highly flat. With this re- 
quirement in view, rigid polishing pads have been 
used increasingly. The rigid polishing pads, how- 
ever, has a drawback that they tend to lower or 
deteriorate the surface roughness of the polished 
wafers. To improve the surface roughness, polish- 
ing with the rigid polishing pad must be followed 
by final polishing achieved by using a soft polish- 
ing pad. The final polishing should preferably be 
achieved in the form of a multi-stage process 
which will incur an additional production cost. An- 
other problem is that even if the wafers have al- 
ready acquired a sufficient flatness through the 
preceding polishing using the rigid polishing pad, 
the following final polishing process may bring 
about wafer shape deformation. Furthermore, when 
polishing is achieved under a high pressure or load 
condition using the rigid polishing pad, the polished 
wafers are thinned at a central portion to assume a 
concave shape and hence resulting flatness is con- 
siderably low. This problem does not occur when 
the pressure or load on the rigid polyurethane pad 
is low. However, under such low pressure or load 
condition, the productivity is significantly lowered 
due to a low polishing rate available. 

The present inventors found by extended re- 
searches that all of the foregoing problems could 
be solved by a polishing pad of rigid polyurethane 
added with particles of CaC0 3 (calcium carbonate). 

It is an object of the present invention to pro- 
vide a rigid polishing pad which is able to provide a 
polished silicon wafer not only having a surface 
roughness comparable to that obtained by final 
polishing, but also having an excellent flatness free 
from deformation such as concaving. 

Another object of the present invention is to 
provide a silicon-wafer polishing method using 
such rigid polishing pad for enabling single-stage 
polishing of the silicon wafer. 

A polishing pad of this invention for polishing a 
silicon wafer comprises a pad of rigid polyurethane 
added with particles of CaC0 3 . 

The polyurethane pad has a JIS-A hardness in 
the range of from 60 to 100, preferably from 70 to 
100, and optimally from 85 to 95. 

The amount of the CaC0 3 particles added to 
the polyurethane pad is in the range of from 1 to 
10 percent by weight, preferably from 2 to 8 per- 
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cent by weight, and optimally from 3 to 6 percent 
by weight. 

The CaC0 3 particles have an average particle 
diameter or size in the range of from 0.01 to 10 
5 urn, preferably from 0.01 to 1 urn, and optimally 
from 0.1 to 1 urn. 

A silicon-wafer polishing method of this inven- 
tion is characterized by using the polishing pad of 
the type specified above. 
10 The above and other objects, features and ad- 

vantages of the present invention will become 
manifest to those versed in the art upon making 
reference to the detailed description and the ac- 
companying sheets of drawings in which a pre- 
75 ferred structural embodiment incorporating the 
principle of the present invention is shown by way 
of illustrative example. 

FIG. 1 is a graph showing the flatness of four 
different wafers polished according to Examples 
20 1 and 2 and Comparative Examples 1 and 2, 
respectively; 

FIG. 2 is a graph showing the surface roughness 
of the wafers polished according to Example 1 
and Comparative Examples 1 and 3; 
25 FIG. 3 is a graph showing a cross-sectional 
shape of the polished wafer according to Exam- 
ple 1 ; 

FIG. 4 is a graph showing a cross-sectional 
shape of the polished wafer according to Exam- 
30 pie 2; 

FIG. 5 is a graph showing a cross-sectional 
shape of the polished wafer according to Com- 
parative Example 1; 

FIG. 6 is a graph showing a cross-sectional 
35 shape of the polished wafer according to Com- 
parative Example 2; and 

FIG. 7 is an elevational view of an apparatus for 
polishing a wafer. 
The present invention will be described below 
40 in greater detail by way of the following examples 
which should be construed as illustrative rather 
than restrictive. 

FIG. 7 shows an apparatus 1 for polishing a 
single crystal silicon wafer 70, to carry out polish- 
45 ing processes in Examples 1-2. 

In FIG. 7, the apparatus 1 comprises a rotary 
table assembly 2, a rotary wafer carrier 3, and a 
polishing agent supplying member 4. The rotary 
table assembly 2 comprises a rotary table 5 and a 
so polishing pad 6 adhered on the upper surface of 
the rotary table 5. The rotary table 5 can rotate on 
a shaft 7 at a predetermined rotation speed by a 
driving device such as a motor. The polishing pad 
6 comprises a polyurethane foam added with par- 
55 tides of CaC0 3 . The rotary wafer carrier 3 is for 
holding to carry the wafer 70 on the polishing pad 
6 of the rotary table assembly 2 so that the surface 
of the wafer 70 faces to the polishing pad 6. The 
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wafer carrier 3 can rotate on a shaft 8 at a pre- 
determined rotation speed and horizontally move 
on the polishing pad 6 by an appropriate driving 
device such as a motor. During operation of the 
apparatus 1 , the wafer 70 held by the wafer carrier 
3 is in contact with the polishing pad 6 and proper 
polishing loads are applied to the wafer 70 in a 
downward direction through the shaft 8 and the 
wafer carrier 3. The polishing agent supplying 
member 4 is for supplying a polishing agent 9 on 
the polishing pad 6 to supply it between the wafer 
70 and the polishing pad 6. The polishing agent 9 
has an appropriate pH value and includes water 
and abrasive grains. 

Example 1 

Condition : 

• Sample wafer: Czochralski-grown p-type, 
<100>-oriented, 1 50-mm-diameter, single cry- 
stal silicon wafer 

• Polishing pad: Polyurethane foam (JIS-A 
hardness = 86) 

• CaC03 particles added to the polishing pad: 
the amount added = 3.5 wt%, average par- 
ticle size = 0.1 urn (arithmetical average of 
the length and the breadth of particles ob- 
tained by direct observation method) 

• Polishing agent: AJ-1325 (tradename for a 
polishing agent of colloidal silica manufac- 
tured by Nissan Chemical Industries, Ltd.) 

• Polishing load: 400 g/cm 2 

• Polishing time: 10 min. 

Under the condition specified above, the sam- 
ple wafer was polished with the apparatus 1 shown 
in FIG. 7. Then, surface flatness (TTV = Total 
Thickness Variation) of the polished wafer was 
measured by means of an ADE Microscan 8300 
(manufactured by ADE, Inc.). The results of the 
measurement are shown in FIG. 1. The flatness 
(TTV) is defined as the difference between the 
maximum and minimum values of thickness en- 
countered in the polished wafer. Using an optical 
interference roughness tester (WYKOTOPO-3D, 
250 uma, manufactured by WYKO, Inc.), a mea- 
surement was made for surface roughness of the 
polished wafer with the results shown in FIG. 2. A 
further measurement was carried out with the use 
of the ADE Microscan 8300 so as to determine the 
cross-sectional shape of the polished wafer. The 
results of the measurement are shown in FIG. 3. In 
FIG. 3, the axis of ordinate indicates thickness of 
the wafer, and the axis of abscissa indicates posi- 
tions on a centerline of the wafer within a flatness 
quality area excluding a peripheral edge of 3 mm 
in width. 



Example 2 

Example 1 was repeated with the difference 
that the polishing load was changed from 400 

5 g/cm 2 to 250 g/cm 2 , and the surface roughness 
measurement was omitted. The results of the flat- 
ness measurement (TTV) are also shown in FIG. 1. 
The results of the cross section measurement are 
shown in FIG. 4. In FIG. 4, the axis of ordinate and 

w the axis of abscissa have the same meaning as 
those shown in FIG. 3. 

Comparative Example 1 

75 Example 1 was repeated by using a conven- 

tional polishing pad composed of a polyurethane 
foam having no CaC0 3 particles added. The results 
of the flatness measurement, and the results of the 
surface roughness measurement are shown in 

20 FIGs. 1 and 2, respectively. The results of the 
cross section measurement are shown in FIG. 5 
whose axes of ordinate and abscissa have the 
same meaning as those shown in FIG. 3. 

25 Comparative Example 2 

Example 2 was repeated with the exception 
that the CaCCb -added polyurethane foam polishing 
pad was replaced by a conventional polyurethane 

30 foam polishing pad made without CaC0 3 particles 
added. The results of the flatness measurement are 
shown in FIG. 1. The results of the cross section 
measurement are shown in FIG. 6 whose axes of 
ordinate and abscissa have the same meaning as 

35 those shown in FIG. 3. 

Comparative Example 3 

The polished wafer of Comparative Example 1 
40 was subjected to final polishing achieved under the 
following condition with the apparatus 1 shown in 
FIG. 7. 

• Polishing pad: soft polyurethane pad (JIS-A 
hardness = 66) 

45 • CaC0 3 particles added to the polishing pad: 
not used 

• Polishing agent: AJ-1325 as specified above 

• Polishing load: 150 g/cm 2 

• Polishing time: 10 min. 

50 After the final polishing, the surface roughness 

of the wafer was measured with the results shown 
in FIG. 2 along with the results of Example 1 and 
the results of Comparative Example 1 . 

It appears clear from FIG. 1 that the polished 

55 surface of a wafer polished by the polishing pad of 
this invention under a high load condition (400 
g/cm 2 ) of Example 1 has a flatness which is com- 
parable to that obtained by the conventional rigid 



BNSDOCID:<EP 0685299A1> 



EP 0 685 299 A1 



polishing pad under the low load condition (250 
g/cm 2 ) of Comparative Example 2. The surface 
roughness of the wafer polished by the polishing 
pad of this invention under the high load condition 
of Example 1 is considerably lower than that at- 5 
tained by the first polishing stage achieved under 
the high load condition (Comparative Example 1) 
by using the conventional rigid polishing pad, and 
is substantially the same as that attained by the 
second or final polishing stage achieved under the 10 
low load condition (Comparative Example 2) by 
using the conventional polishing pad. In sum, the 
surface roughness attained by the present inven- 
tion is comparable to that attained by the final 
polishing process. Furthermore, the conventional 75 
polishing achieved under the high load condition 
(400 g/cm 2 ) tends to deform the polished wafer 
surface into a concave shape, as shown in FIG. 5. 
As is apparent from FIGs. 3 and 4, the present 
polishing processes, as against the conventional 20 
one, are completely free from the concave wafer- 
deformation problem. 

It is apparent from the foregoing description 
that the present invention is able to provide, 
through a singlestage polishing process, a polished 25 
wafer having a surface roughness and a flatness 
which are comparable to those attained by the 
conventional final polishing process. The conven- 
tional final polishing process can, therefore, be 
dispensed with, so that the overall polishing pro- 30 
cess of this present invention is sufficiently simple. 

Obviously, various minor changes and modi- 
fications of the present invention are possible in the 
light of the above teaching. It is therefore to be 
understood that within the scope of the appended 35 
claims the invention may be practiced otherwise 
than as specifically described. 



A method of polishing a silicon wafer char- 
acterized by using the polishing pad of any 
one of the preceding claims 1 - 4. 



Claims 



A polishing pad for polishing a silicon wafer, 
comprising a pad of rigid polyurethane added 
with particles of CaCCb. 



40 



2. A polishing pad according to claim 1, wherein 
said rigid polyurethane pad has a JIS-A hard- 
ness in the range of from 60 to 1 00. 



45 



A polishing pad according to claim 1 or 2, 
wherein the amount of said CaCC>3 particles 
added to said rigid polyurethane pad is in the 
range of from 1 to 10 percent by weight. 



50 



A polishing pad according to any one of the 
preceding claims 1-3, wherein said CaCO? 
particles have an average particle size of from 
0.01 to 10 urn. 



55 
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FIG. 1 



3 



> 
E- 

GO 
00 
Cxi 
Z 




COMPARATIVE 
EXAMPLE 2 

COMPARATIVE 
EXAMPLE 1 



EXAMPLE 



EXAMPLE 1 



FIG. 2 



a 1.0 

C 

i 08 

w .0:6 

Z 

3 0.4 

o 

3 0.2 





POLISHING 


LOAD 400/cm 2 



























«2 COMPARATIVE COMPARATIVE EXAMPLE 1 

EXAMPLE 1 EXAMPLE 3 



BNSOOCIO:<EP 068S299A1> 



5 



EP 0 685 299 A1 



FIG. 3 
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FIG. 5 
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FIG. 7 
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